all their cases and in most of those in Cullen's series, an arcuate field defect was present. The optic disc was swollen, either totally or segmentally, with a few superficial linear haemorrhages. Resolution to an atrophic disc occurs over the ensuing months, and cupping may be seen if infarction is total (Miller, 1972) . Fluorescein studies (Foulds, I969; Sanders, I97 1; Miller, 1972) in the early stages show impaired choroidal perfusion of the disc, with dilatation of the retinal peripapillary capillaries in segmental infarction. Marked hyperfluorescence is seen in the late stages and this also may be segmental. Irregularity of the retinal arterioles may signify arteriosclerotic disease. Involvement was bilateral in 25 per cent. of Cullen's cases and in 48 per cent. of those of Ellenberger and others (1973) ; the involvement of the two eyes was often separated by an interval of several months up to one year. The condition has been attributed for many years to acute impairment of blood flow to the distal optic nerve involving either the posterior ciliary arteries (Meadows, I954; Hayreh, I969) or the artery of the optic nerve (Fransois, Verriest, and Baron, I 957).
Treatment with systemic corticosteroids in patients with ischaemic papillopathy due to temporal arteritis is in general use for the control, not only of the ocular involvement but also of the systemic disease (Parsons-Smith, 1959) . Adequate evidence for the therapeutic efficacy ofsteroids in ischaemia due to other causes is lacking; their use is advocated by some (Foulds, I 969; Sanders, I 97 ) and rejected by others (Ellenberg and others, I 73).
Terminology
Confused terminology has bedevilled this condition, misled authors, and probably been responsible for the clinical neglect from which it has suffered. Anatomical, aetiological, and clinical terms have been introduced and of these "ischaemic optic neuropathy" encompasses all subgroups. However, it is crucial for accurate diagnosis to document ophthalmoscopically, or preferably by fluorescein angiography, the presence of disc oedema. We have seen a series of patients with recent visual loss, arcuate defects, and segmental pallor of the optic disc, who were subsequently found to have optic nerve compression. Many of these patients with acute visual impairment without disc swelling and in whom investigations were negative, presumably had infarction of the optic nerve behind the lamina cribrosa. With the facilities currently available, the diagnosis ofischaemic optic neuropathy in the posterior optic nerve remains a matter of exclusion. The clinical classification that we find satisfactory is the term "ischaemic papillopathy" for infarction of the optic disc (Walsh and Hoyt, I969; Sanders, I97I; Lindenberg, Walsh, and Sacks, I973) and "ischaemic optic neuropathy" for posterior lesions without disc oedema and in which a compressive lesion has been excluded. We recognize that these terms are not fully satisfactory, but they are euphonic, clinically prudent, and analogous to the terms "papillitis" and "optic neuritis" which are used universally for inflammatory conditions of the optic nerve.
Present investigations
This report describes forty patients (56 eyes), most of whom were studied at The National Hospital, Queen Square, and St. Thomas' Hospital, London, who presented with acute visual impairment and disc oedema.
Investigations included a medical and ophthalmic examination with fundus and fluorescein photography. Visual field analysis was performed with either the Bjerrum screen or the Goldmann perimeter. Routine blood investigations included a full blood count, erythrocyte sedimentation rate, sugar, cholesterol, plasma proteins, and serological tests for syphilis. An electrocardiogram was performed and a biopsy taken of the temporal artery when indicated. The skull and optic foramina were x-rayed.
Assessment of the efficacy of treatment is hampered by inadequate knowledge of the aetiology and natural history of the condition, but a retrospective study was made of the value of corticosteroids.
Although Foulds (I968, I969) found an incidence of raised intraocular pressure in 28 per cent. of his cases of ischaemic optic neuropathy, this has not been substantiated by other authors (Cullen, I967; Ellenberger and others, I973) . The use of the term ischaemic optic neuropathy to describe the association of disc haemorrhages and field loss (Begg, Drance, and Sweeney I 971) in chronic simple glaucoma further complicates the terminology and such patients have not been included in this series. Similarly, patients with accelerated hypertension in whom disc oedema coincided with the typical retinopathy were excluded although the fundamental pathogenesis is admittedly ischaemic (Ashton, 1972) .
AETIOLOGICAL GROUPS
The patients were divided into four aetiological groups: IgA (402) . The significance of these abnormalities is as yet obscure, but further study may indicate pathogenetic factors not currently under consideration. Ischaemic papillopathy was the initial sign of proximal carotid disease in three patients.
In one patient a right-sided ischaemic papillopathy ( Fig. 2a ) with left hemiplegia was diagnosed. Ophthalmodynamometry readings were within normal limits (R I00/45; L I20/50) and a carotid bruit was present on the right. Angiography revealed an internal carotid occlusion (Fig. 2b) .
In two further patients cholesterol emboli were visible (Fig. 3, overleaf) in conjunction with visual loss due to ischaemic papillopathy.
Visual acuity andfields In contrast to Group I, 50 per cent. of the eyes in Group 2 had visual acuity which was 6/i 2 or better, 37 per cent. between 6/I2 and 6/60, and only three (I 2 per cent.) worse than 6/60. Visual field involvement was also correspondingly less severe and solitary arcuate or altitudinal defects occurred in 66 per cent.; of these sixteen eyes only two had altitudinal defects in the upper half, the remainder being inferior. Typical defects are shown in Fig. 4g (overleaf). Superior and inferior defects without central involvement occurred in I2 per cent., and with central involvement in 22 per cent. (Fig. 4a) but at other times the disc appeared hyperaemic (Fig. 4d) .
With infarction of the upper portion of the disc and an inferior field defect, the greatest capillary dilatation was visible at the lower pole. In two instances a macular star was present, and in three instances focal peripapillary pigment epithelial defects were visible. Disc swelling lasted for between 3 weeks and 3 months, and was followed by segmental or diffuse atrophy. (Fig. 6, overleaf) Bilateral involvement (70 per cent.) in this group was higher than in the other groups in this series and the incidence of severe visual loss was higher in the patients with systemic disorders.
GROUP 4. NO RELATED DISEASE (Table IV) In this group there was no objective evidence ofsystemic or retinal vascular disease, and the patients are under continued observation for vascular disorders. In all cases involvement was unilateral and in 75 per cent. the visual acuity has remained better than 6/I 2.
One patient ofparticular interest had a second episode in the involved eye. In December, 1972, an inferior arcuate field defect developed in one eye, to be followed 4 months later by a superior arcuate defect in the same eye. This is the only example in this series of a second episode at a later date in the involved eye. The significance of an elevated IgA level in this patient is not understood. (Hayreh, I970) have demonstrated that the prelaminar, laminar, and retrolaminar portions of the optic nerve are supplied by the short ciliary arteries, and though potential anastomoses with retinal vessels may occur in the prelaminar region, these vessels alone appear to supply the retro-laminar region. A border zone between the retinal and ciliary arterial supply therefore exists and, as in the cerebral circulation, watershed zones are vulnerable to impaired perfusion states. Furthermore, the laminar and prelaminar vessels are subjected to a high extramural pressure due to the normal intraocular pressure, and elevation ofthe intraocular pressure has been shown experimentally to impair perfusion of the disc and peripapillary region (Blumenthal, Gitter, Best, and Galin, I 970) . The short ciliary vessels as they enter the nerve are small, of the order of 30-50 jgm., and may not possess the facility of autoregulation attributed to the retinal vessels (Alm and Bill, I972) . The laminar vessels are unique in being contained within a connective tissue septum (Anderson and Hoyt, I969) , which may make them more vulnerable to senile fibrotic changes. Pathological studies have been undertaken mainly in cases of giant cell arteritis and show infarction primarily in the retrolaminar portion (Henkind and others, I970 ). There are no well-documented cases in which the histological changes in arteriosclerotic ischaemic papillopathy are described and in this more benign group it is possible that the primary infarction may be in the laminar or prelaminar region. optic nerve. Disc oedema usually appears concomitantly with the visual loss, though disc swelling may precede visual loss (Foulds, I969) . The disc may be pale or hyperaemic depending on the extent of infarction, the facility to develop compensatory vascular channels, and the time sequence. The development of dilated vessels on the disc surface as a compensatory mechanism suggests a favourable prognosis and is rarely seen in giant cell arteritis. Resolution of disc swelling occurs over a period of 2 weeks to several months leaving a variable degree of optic atrophy. After severe infarction, cupping of the optic disc may occur (Greenfield, I95I; Miller, 1972) , and this is most often seen with giant cell arteritis. The occurrence of peripapillary infarcts in either the retina or the pigment epithelium lends credence to the hypothesis that short ciliary artery occlusive disease is the primary factor. A macular star may also be seen, and when extensive may resemble the appearance described as the stellate retinopathy of Leber (FranSois and others, I968), the aetiology of which is unknown. Retinal vascular changes are often inconspicuous, but in the early stage venous dilatation may appear and in the late stages peripapillary sheathing of the retinal vessels. This sheathing may be related to vascular damage incurred as the vessels traverse hypoxic tissue. Fluorescein angiographic changes are not diagnostic, and similar segmental choroidal filling defects may be seen in papilloedema and papillitis (Fig. 8) . The early stages show absent or deficient choroidal filling of the whole disc in severe cases or of a segment in mild cases. Compensatory dilatation of the retinal capillaries can be assessed and late leakage of fluorescein detected. Repeated studies show re-establishment of peripapillary choroidal filling with reduction of capillaries in the atrophic area and absence of leakage. Irregularity of the calibre of retinal arterioles with focal attenuation may indicate early arteriosclerotic disease. Visual field defects usually correspond with the fluorescein angiographic changes in both total and segmental infarction. Inferior arcuate defects occurred as the only visual field abnormality in 42 per cent. of cases and in none was an isolated superior arcuate defect detected. Some constant anatomical feature may explain this finding-possibly the improved vascular supply to the inferior nerve due to the presence of pial or neural branches to the optic nerve from the retrolaminar course of the central retinal artery. The extensive involvement of orbital vessels (Crompton, 1959) (b) Vascular disease The importance ofarteriosclerotic disease in ischaemic optic neuropathy has been recognized for the past two decades (Fransois, Verriest, and Baron, 1957) , and histological examination has shown extensive thickening of the walls of arterioles supplying the optic nerve, with increased perivascular fibrosis (Ellenberger and Netsky, I968) . Though often associated with hypertension or accelerated hypertension, many cases are normotensive (70 per cent. in this series). Recent clinicopathological correlations of retinal vessels in patients with accelerated hypertension have shown particular involvement of arterioles (Harnish and Pearce, 1973) . In severe retinal arterial changes (sheathing and silver wiring), intimal changes consist of florid hyperplasia, matrix deposits, intimal cell swelling, and atheroma. Haemodynamic studies also indicate the vulnerability of ostial or branch lesions (Texon, 1974) and these correlate with the fluorescein angiographic studies.
All cases included in the arteriosclerotic group in our series had objective signs of retinal vascular disease, or associated cardiac or aortic arch disease capable ofproducing ophthalmic artery flow disturbances. In diabetes pathological changes have been recorded in capillaries, but also particularly in the precapillary arterioles with occlusion of the lumen (Ashton, 1953 (Ashton, , 1974 and lipid thrombi have also been demonstrated (Chester and Banker, I967) . A generalized microcirculatory disturbance occurs in diabetes, though ciliary involvement has been infrequently reported.
Syphilitic arteritis, though infrequent, must be excluded in a young patient with unilateral or bilateral disease. Arteritis of the small vessels (Nissl Alzheimer endarteritis) is described and is often associated with other signs of neurosyphilis (Merritt, Adams, and Solomon, I946) . One of the patients in this series suffered progressive visual deterioration with high steroid dosage before penicillin therapy was started, and there is some evidence that steroids may activate or potentiate the arteritis (Nicol, 1973) .
Migraine has also been shown to be due to disturbances in perfusion, and presumably the microcirculatory changes which are characteristic features of the occipital cortex may also occur in the optic nerve vessels. In one case optic disc ischaemia followed a severe migraine headache (McDonald and Sanders, I97i) , and in the other patient in this group the ischaemia may have been related to migraine therapy.
(2) ABNORMALITIES IN THE CIRCULATING BLOOD Emboli, Polycythaemia, Leukaemia
The incidence of embolic occlusion of short ciliary arteries is difficult to assess unless concomitant embolization of the retinal arteries also occurs. In two patients in this series a careful search revealed retinal emboli. In both instances there were atheromatous plaques within the carotid artery and in none were calcific emboli from the heart detected.
Factors affecting the flow in blood vessels are complex and difficult to measure owing to the non-Newtonian behaviour of blood. Viscosity, which is a measure of fluid friction, may be increased by an increase in the plasma proteins (especially fibrinogen), the red blood cells, or to a lesser extent the white cells. Although viscosity measurements were not made in this series, it is probable that these were elevated in the patients with polycythaemia and leukaemia. Detection of these conditions is important because of the different therapeutic requirements.
(3) ABNORMALITIES OF THE BLOOD FLOW Perfusion of the optic disc depends on an adequate arterial pressure and a normal venous pressure. Dramatic reduction in blood flow may be seen after acute blood loss, with resultant optic nerve infarction (Gowers, I879) . Hypotensive episodes, myocardial infarcts, and carotid occlusion may also produce sudden visual loss. In our patient with complete carotid occlusion, the ophthalmodynamometry readings were equal on each side because of the development of collateral channels.
Impaired perfusion is also produced by elevation of the intraocular pressure and there are several reports of raised intraocular pressure and ischaemic papillopathy (Foulds, I 969) . The field loss in glaucoma is probably due to impaired perfusion of the disc (Hayreh, Revie, and Edwards, I970) , and a similar mechanism has been postulated in low tension glaucoma. Hypoxia in the territory of the short posterior ciliary arteries obviously contributes to the pattern of field loss in chronic simple glaucoma, low tension glaucoma, and ischaemic papillopathy, but it seems important, for clinical, diagnostic, and therapeutic reasons, to regard them as separate nosological entities. In the present series only one patient presented with a pallid swollen disc which was subsequently found to be associated with chronic simple glaucoma. The administration of Diamox (250 mg. four times a day) would seem of therapeutic benefit and provides a safe and harmless way to improve ocular perfusion.
Differential diagnosis
The accurate diagnosis of ischaemic papillopathy depends on the association of sudden arcuate field loss and a characteristic pattern of disc swelling with confirmation by fluorescein angiography. In the absence of disc oedema sudden visual loss may be produced by compressive, infiltrative, demyelinating, or vascular lesions of the retrolaminar optic nerve.
Uniocular disc oedema with sudden visual loss may occur in papillitis and, although the characteristic visual field defect is a central scotoma, there are no positive methods of differentiating this from ischaemic papillopathy. The visually evoked response may demonstrate reduced amplitude and delayed latency in both conditions (Halliday, personal communication) .
Carcinomatous optic neuropathy may present with visual loss and disc oedema and this diagnosis should be considered if resolution fails to occur.
Finally, symmetrical dilatation of the papillary and peripapillary capillary plexus with symmetrical leakage of dye should raise suspicions of an alternative diagnosis.
Conclusions
The present report indicates the complexity of the pathogenesis, diagnosis, and treatment of ischaemic papillopathy. The causes are numerous and in a given case may be multifactorial. Investigations include assessment of the circulatory and microcirculatory systems, specific examination to exclude any form of arteritis, and sophisticated immunological, haematological, and rheological tests. In patients with arteriosclerotic disease, a minor polycythaemia or mild elevation of the intraocular pressure may suffice in combination to impair disc perfusion. Thus, one patient with a carotid occlusion presented with an ischaemic papillopathy only after a severe epistaxis (Cullen, I967) . The high incidence of bilateral involvement makes extensive medical investigations paramount, and the treatment of minor contributory factors crucial. The clinical and fluorescein angiographic appearances and the natural history have been well documented, so that in most instances accurate diagnosis is feasible. Therapy therefore assumes particular importance. In the absence of any double-blind controlled trial on the efficacy of steroid therapy, only arbitrary measures can be taken. There is unequivocal evidence for the immediate administration of steroids in high dosage in cases of giant cell arteritis, but steroids may be contraindicated in syphilitic arteritis if not combined with antibiotics, and they may not be beneficial in polycythaemia vera.
The random administration of steroids in our group has not produced satisfactory guidelines for therapy and we are currently undertaking a more detailed trial. The classification of patients into aetiological groups would seem important before the therapeutic efficacy of drugs can be assessed. Reduction of oedema in the distal optic nerve remains one of the main objectives of treatment in an effort to preserve functioning neurones, and in some cases the administration of steroids has produced dramatic results. We therefore suggest that, in our present state of knowledge, even a patient without arteritis should be given the benefit of either systemic or retrobulbar steroids.
